The Toll-like receptor (TLR) family plays an instructive role in innate immune responses against microbial pathogens, as well as the subsequent induction of adaptive immune responses. TLRs recognize specific molecular patterns found in a broad range of microbial pathogens such as bacteria and viruses, triggering inflammatory and antiviral responses and dendritic cell maturation, which result in the eradication of invading pathogens. Individual TLRs interact with different combinations of adapter proteins and activate various transcription factors such as nuclear factor (NF)-jB, activating protein-1 and interferon regulatory factors, driving a specific immune response. This review outlines the recent advances in our understanding of TLR-signaling pathways and their roles in immune responses. Further, we also discuss a new concept of TLR-independent mechanisms for recognition of microbial pathogens.
Introduction
Immune systems in vertebrates are divided into two basic categories: innate and adaptive immunity. Adaptive immunity, which is present in vertebrates, relies on antigen-specific receptors expressed on clonally expanded T and B lymphocytes that are generated by gene rearrangements and hyper mutations. The innate immune system is evolutionally conserved and is the first line of the defensive mechanisms for protecting the host from invading microbial pathogens. 1 Until recently, innate immunity was considered as being nonspecific immune responses mediated by phagocytotic cells such as macrophages and neutrophils that engulf and lysis microbial pathogens. However, it has been demonstrated that mutant Drosophila carrying loss-of-function mutations in the Toll receptor results in high susceptibility to fungi infection and the defective induction of an antifungal peptide, providing the first evidence that Drosophila expresses a specific receptor responsible for sensing fungi infection. 2, 3 Subsequently, a human homolog of Toll (hToll) was identified, and showed that this protein has an ability to induce production of inflammatory cytokines and expression of costimulatory molecules. 4 Remarkably, a loss-of-function mutation of mouse homolog of hToll was identified in lipopolysaccharide (LPS)-hyporesponsive mice. 5, 6 These pioneer studies opened new areas of research focused on the molecular mechanisms of the recognition of microbial pathogens and the activation of innate immune systems.
To date, 10 members of Toll-like receptors (TLRs) have been identified in human, and 13 in mice, and a series of genetic studies have revealed their respective ligands ( Figure 1 ). 7 For example, LPS of Gram-negative bacteria is recognized by TLR4 (hToll). 5, 6 TLR2, in concert with TLR1 or TLR6, recognizes various bacterial components, including peptidoglycan, lipopeptide and lipoprotein of Gram-positive bacteria and mycoplasma lipopeptide. [8] [9] [10] [11] [12] In particular, TLR1/ 2 and TLR2/6 discriminate triacyl lipopeptide and diacyl lipopeptide, respectively. TLR3 recognizes double-stranded RNA (dsRNA) that is produced from many viruses during replication. 13 TLR5 recognizes bacterial flagellin. 14 Mouse TLR11 recognizes yet unknown components of uropathogenic bacteria, and a profilin-like molecule of the protozoan parasite Toxoplasma gondii. 15, 16 TLR7 recognizes synthetic imidazoquinoline-like molecules, guanosine analogs such as loxoribine, single-stranded RNA (ssRNA) derived from human immunodeficiency virus type I (HIV-1), vesicular stomatitis virus (VSV) and influenza virus, and certain siRNAs. recognizes bacterial and viral CpG DNA motifs and malaria pigment hemozoin. [24] [25] [26] [27] After recognition of microbial pathogens, TLRs trigger intracellular signaling pathways that result in the induction of inflammatory cytokines, type I interferon (IFN) and chemokines ( Figure 1 ). Moreover, signaling from TLRs induces the upregulation of costimulatory molecules on specialized antigen-presenting cells called dendritic cells (DCs). This process, called DC maturation, is essential for the induction of pathogen-specific adaptive immune responses, thus indicating that TLRs link innate and adaptive immunity. 28 Importantly, TLRs activate a common signaling pathway that culminates in the induction of inflammatory cytokines such as tumor necrosis factor (TNF)a, IL-6, IL-1b and IL-12, as well as alternative pathways that induce appropriate and effecter responses against different types of pathogens ( Figure 1) . 29 In particular, TLR3, TLR4, TLR7, TLR8 and TLR9 induce antiviral responses by inducing type I IFN (IFNb and multiple IFNa) (Figure 1 ).
Activation of NF-jB and AP-1 by the MyD88-Dependent Pathway
TLRs contain extracellular leucine-rich repeats responsible for the recognition of pathogens, and the transmembrane and cytoplasmic Toll/interleukin-1 receptor (TIR) domains required for initiating intracellular signaling. 29 All TLRs elicit conserved inflammatory pathways, culminating in the activation of nuclear factor (NF)-kB and activating protein-1 (AP-1). NF-kB is a dimeric transcription factor that belongs to the Rel-homology domain-containing protein family, which includes p65/RelA, p50/NF-kB1, p52/NF-kB2, RelB and c-Rel. 30 The prototypical NF-kB is thought to be a heterodimer composed of the p65 and p50 subunits in most types of cells. In unstimulated cells, NF-kB is sequestered in the cytoplasm as an inactive form by interacting with inhibitor of NF-kB (IkB) proteins. Upon stimulation with various TLR ligands, IkBs are phosphorylated at serine residues by an IKK complex consisting of IKKa and IKKb protein kinases and a regulatory molecule, IKKg/Nemo. The phosphorylation targets IkBs for ubiquitination and degradation by the 26S proteasome, allowing NF-kB to be released into the nucleus and to bind to the kB site. AP-1 is a dimeric basic region leucine zipper (bZIP) protein composed of members of Jun, Fos, activating transcription factor (ATF) and the Maf subfamily, which bind TPA-response elements or cAMP-response elements. 31 Among the AP-1 family proteins, c-Jun is thought to play central roles in inflammatory responses. AP-1 activation in TLR signaling is mostly mediated by MAP kinases such as cJun N-terminal kinase (JNK), p38 and extracellular signalregulated kinase (ERK). Many TLR ligands activate these MAP kinases in similar kinetics.
The proximal events of TLR-mediated intracellular signaling are initiated by TIR-domain-dependent heterophilic interactions with TIR-domain-containing cytosolic adapters such as myeloid differentiation primary response protein 88 (MyD88), TIR domain-containing adapter protein (TIRAP)/Mal, TIR domain-containing adapter inducing IFNb (Trif) (also known as TICAM1) and Trif-related adapter molecule (TRAM) (also known as TICAM2) (Figure 1) . 7, 29 MyD88 is a central adapter (Figure 2 ). So far, four IRAKs are identified: IRAK1, IRAK2, IRAK4 and IRAK-M. While IRAK1 and IRAK4 possess intrinsic serine/threonine protein kinase activities, IRAK2 and IRAK-M lack this activity, suggesting that they negatively regulate TLR-mediated signaling. IRAK-M-deficient cells consistently show hyperproduction of inflammatory cytokines in response to various TLR ligands. 32 Furthermore, a model has been proposed in which IRAK-M prevents the dissociation of IRAK4 and IRAK1 from MyD88. 32 Production of inflammatory cytokines in response to various TLR ligands is ablated in IRAK4-deficient mice. 33 Furthermore, IRAK4 mutations are reported in patients with recurrent infections and poor inflammatory responses. 34 These observations indicate the importance of IRAK4 in TLR signaling in both human and mouse. In response to stimuli, IRAK4 and IRAK1 are sequentially phosphorylated and dissociated from MyD88, which results in activation of tumor necrosis factor receptor-associated factor 6 (TRAF6) (Figure 2 ), which contains an N-terminal RING domain that is found in a number of E3 ubiquitin ligases, and forms a complex with Ubc13 and Uev1A, serving as the ubiquitin E3 ligase to promote synthesis of lysine 63-linked polyubiquitin chains. 35 Lysine 63-linked ubiquitination is shown to be associated with a number of cellular responses, including signal transduction and cellular localization.
36 TRAF6 in turn activates transforming growth factor-b-activated protein kinase 1 (TAK1), a member of the MAP kinase kinase kinase (MAP3K) family, in a ubiquitin-dependent manner (Figures 2).
35 TAK1 forms a complex with TAB1, TAB2 and TAB3. Especially, TAB2 and TAB3 bind lysine 63-linked polyubiquitin chains via zinc-finger domains, and these interactions are required for TAK1 activation. 35 TAK1 activates the IKK . Activated TAK1 complex then activates the IKK complex consisting of IKKa, IKKb and IKKg/Nemo, which catalyze IkBs (P). IkBs are destroyed by the proteasome pathway, allowing NF-kB to translocate into nuclei. TAK1 simultaneously activates the MAP kinase pathway, which results in phosphorylation (P) and activation of AP-1. NF-kB and AP-1 control inflammatory responses by inducing proinflammatory cytokines. TLR4 also recruits TRAM and Trif, which interacts with TBK1. TBK1 together with IKKi mediates phosphorylation of IRF3 (P). Phosphorylated IRF3 is dimerized and translocated into nucleus to bind DNA. Trif also interacts with TRAF6 and RIP1, which mediate NF-kB activation. Activation of IRF3, NF-kB and AP-1 is required for induction of type I IFN, particularly IFNb. TLR3, which resides in endosomal vesicles, utilizes Trif but not MyD88, TIRAP/Mal and TRAM for its signaling. MAPKs, MAP kinases complex that leads to NF-kB activation ( Figure 2 ). However, a direct substrate of TAK1 that is responsible for the IKK activation in TLR signaling remains unknown. TAK1 simultaneously phosphorylates two members of the MAP kinase kinase family, MKK3 and MKK6, which subsequently activate JNK and p38. ERK is also activated in response to TLR ligands through the activation of MEK1 and MEK2, although an upstream kinase activating MEK1 and MEK2 in TLR signaling remains unknown. Embryonic fibroblasts and B cells derived from TAK1-deficient mice show reduced NF-kB, JNK and p38 activation in response to various TLR ligands. 37 Furthermore, ERK1 and ERK2 activation was also reduced in TAK1-deficient B cells. 37 Thus, TAK1 is required for the activation of NF-kB and MAP kinase family members in TLR signaling (Figure 2 ). Other members of MAP3K, MEKK3 and Tpl2 (also known as Cot1) are also implicated in the activation of MAP kinase activation in TLR4 signaling. JNK and p38 activation and IL-6 production in response to LPS are impaired in MEKK3-deficient cells. 38 While JNK and p38 activation in response to LPS is intact in Tpl2-deficient macrophages, ERK activation and TNFa production are severely impaired. 39, 40 The signaling pathway from MyD88 to the activation of NFkB and AP-1 is utilized by almost all TLRs, and this MyD88-dependent pathway controls inflammatory responses. However, the activation of the MyD88-dependent pathway requires an additional adapter TIRAP/Mal in terms of TLR2 and TLR4 signaling because TIRAP/Mal-deficient mice have defects in inflammatory responses mediated by TLR1/2, TLR2/6 and TLR4 ligands (Figure 1 ).
41,42
Activation of NF-jB and AP-1 by the Trif-Dependent Pathway Macrophages and DCs isolated from MyD88-deficient mice fail to activate NF-kB and MAP kinases and produce inflammatory cytokines in response to various TLR ligands, including TLR2, TLR5, TLR7 and TLR9, indicating that MyD88 is the sole adapter for these TLRs. 14, 17, [43] [44] [45] MyD88-deficient cells also fail to produce inflammatory cytokines in response to LPS. 46 However, LPS is still capable of activating NF-kB and MAP kinases in MyD88-deficient mice; moreover, this activation in MyD88-deficient cells is delayed in reaching a peak in comparison with wild-type cells. 46 Importantly, LPS can induce IFNb production by macrophages and DCs in a manner independent of MyD88. 43 Type I IFN, which are produced in response to virus infections or LPS, are key cytokines that induce an antiviral state in target cells, as well as facilitate antiviral adaptive immune responses. 47 Together, these observations suggest that other adapters mediate late activation of NF-kB and MAP kinases which is associated with type I IFN induction in TLR4 signaling. In such contexts, Trif was identified to be involved in the MyD88-independent pathway, and importantly has the ability to activate NF-kB, MAP kinases and IFNb promoter, in contrast to MyD88 and TIRAP/MyD88-adapter-like (MAL), which have no ability to activate IFNb promoter. 48, 49 Trif-deficient mice show defective type I IFN in response to LPS. Early activation of NF-kB and MAP kinases in response to LPS is normally observed in Trif-deficient mice; thus, Trif plays a critical role in type I IFN induction in TLR4 signaling (Figures 1, 2) . 50, 51 However, production of inflammatory cytokines was reduced in Trifdeficient mice, suggesting that both MyD88-and Trifdependent pathways are required for maximal induction of inflammatory cytokines in response to LPS, although it is unclear how a Trif-dependent pathway facilitates inflammatory responses.
While Trif appears to be utilized by TLR4, TLR4 does not directly interact with Trif. 49 The fourth adapter, TRAM, is selectively involved in the TLR4-mediated pathway (Figure 1) . In contrast to TIRAP/MAL, which mediates activation of the MyD88-dependent pathway, TRAM is required for the activation of the Trif-dependent pathway, indicating that TRAM is an adapter linking TLR4 to Trif (Figure 2) . 52 Responses to poly IC, a TLR3 ligand, are relatively normal in MyD88-deficient cells. It has been shown that TLR3 does not interact with MyD88; thus, MyD88 is not utilized by TLR3 signaling. All responses to poly IC, including inflammatory cytokine and type I IFN induction and activation of NF-kB and MAP kinases, are ablated in Trif-deficient mice, whereas TRAM-deficient cells normally respond to poly IC. Collectively, Trif is the sole adapter utilized by TLR3 (Figure 2 ).
The C-terminal region of Trif contains Rip homotypic interaction motif (RHIM), which mediates interaction with members of the receptor interacting protein (RIP) family. 53 Mutational analyses indicate that the RHIM in Trif is required for NF-kB activation. In cells lacking RIP1, TLR3-mediated NF-kB activation and subsequent induction of target genes were impaired, indicating that Trif-RIP1 interactions are responsible for NF-kB activation in TLR3 signaling (Figure 2) . 53 By contrast, RIP3 negatively regulates NF-kB activation by interfering in the interaction between Trif and RIP1. 53 Furthermore, cells doubly deficient for MyD88 and RIP1 fail to activate NF-kB in response to poly IC and LPS, suggesting that RIP1 is selectively involved in the Trifdependent NF-kB activation. 54 Trif also activates NF-kB via different pathways. Trif possesses three typical TRAF6-binding domains in the N-terminal region, which mediate interaction with TRAF6. Overexpression of dominant-negative TRAF6 inhibits Trifinduced NF-kB activation and a mutant Trif that does not bind TRAF6 is incapable of activating NF-kB (Figure 2) . 55 These observations suggest that Trif activates NF-kB by recruiting TRAF6. Both Trif-RIP1 and Trif-TRAF6 pathways might converge at the IKK complex to induce maximum activation of NF-kB. TAK1-deficient B cells have defects in B-cell proliferation in response to poly IC, suggesting the possible involvement of TAK1 in TLR3 signaling (Figure 2) . 37 Given that TAK1 is activated by TRAF6-dependent ubiquitination, TAK1 is likely to be involved in Trif-TRAF6-dependent NF-kB activation. However, macrophages from TRAF6-deficient mice respond to poly IC, suggesting cell-type-specific roles of TRAF6 in TLR3-mediated NF-kB activation. 56 
Activation of IRFs by TLR3 and TLR4
As mentioned above, TLR3 and TLR4 activate the Trifdependent pathway, which leads to induction of type I IFN, particularly IFNb. Transcription of IFNb gene is tightly controlled by cooperative activation of several transcription factors, including NF-kB, ATF2/c-Jun, interferon regulatory factor (IRF)3 and IRF7. 47 While NF-kB and ATF2/c-Jun are activated by numerous stimuli such as TLR ligands, IL-1b, TNFa and DNA damage, IRF3 and IRF7 are activated when cells are exposed to LPS, poly IC and virus infection, and mainly control type I IFN. IRF3 and IRF7 are structurally related proteins present in the cytoplasm in unstimulated conditions. Upon stimulation, these proteins become phosphorylated by noncanonical IKKs, TANK-binding kinase 1 (TBK)1 (also known as T2K or NAK) and IKKi (also known as IKKe), translocating into the nuclei to regulate target gene expression. 57, 58 Embryonic fibroblast cells from TBK1-deficient mice show decreased IRF3 activation and IFNb induction by poly IC, while IKKi-deficient cells show normal IRF3 activation. [59] [60] [61] However, residual activation of IRF3 in TBK1-deficient cells is totally abolished in TBK1 and IKKi double-deficient cells, indicating that the functions of TBK1 and IKKi are redundant in fibroblast cells. 60 
Activation of IRFs by TLR7/8 and TLR9
It is known that TLR7/8 and TLR9 ligands also trigger type I IFN induction by plasmacytoid DCs (pDC), a subset of DCs that are specialized to produce large amounts of type I IFN in response to TLR7/8 and TLR9 ligands and virus infections. 62, 63 These inductions have been shown to occur independently of feedback signaling. While pDCs deficient of IRF3 normally respond to these TLRs, type I IFN and inflammatory cytokine induction is totally abolished in MyD88-and IRAK4-deficient pDCs. [64] [65] [66] [67] Unlike other types of DCs, pDCs constitutively express high levels of IRF7. 68, 69 Furthermore, treatment of pDCs with TLR9 ligands causes nuclear translocation of IRF7, and pDCs derived from IRF7-deficient mice are incapable of producing type I IFN in response to TLR7/8 and TLR9 ligands. 64, 65 Thus, IRF7 is an essential transcription factor that regulates type I IFN induction in pDCs. Importantly, IRF7 interacts with MyD88, IRAK1 and TRAF6 to form a signaling complex (Figure 3) . 65, 66, 70 Notably, IFNa production and IRF7 activation in response to TLR7 and TLR9 ligands are abolished in IRAK1-deficient pDCs. 70 Furthermore, in vitro experiments have clearly demonstrated that IRAK1, but not IRAK4, has an ability to phosphorylate IRF7. 70 In contrast, pDCs deficient in IRAK1 show normal responsiveness to TLR7 and TLR9 ligands with respect to NF-kB and MAP kinase activation and inflammatory cytokine production. 70 Thus, IRAK1 specifically mediates IRF7 activation downstream of MyD88 and IRAK4 (Figure 3) . Moreover, TRAF6 E3 ubiquitin ligase activity is required for IRF7 activation, although the role of TRAF6-dependent ubiquitination remains unclear (Figure 3) . 65 It is also reported that IRF5 interacts with MyD88. 71 Unexpectedly, IRF5 is essential for inflammatory cytokine induction rather than type I IFN induction by TLR4, TLR7, TLR9 and TLR3 in mice. IRF5 translocates into the nucleus in response to ligand stimulation. In the nucleus, IRF5 binds ISRE motifs present in the promoter region of inflammatory cytokine genes and causes their expression, probably through the coordinated activation with NF-kB. 71 Although it is reported that IRF5 is phosphorylated by TBK1 and IKKi in vitro, cells deficient in TBK1 and IKKi show normal inflammatory responses in response to various TLR ligands. 60, 72 As mentioned above, an IRAK1 deficiency does not affect production of inflammatory cytokine. Thus, it is possible that as yet-unknown protein kinases that might associate with MyD88 are responsible for IRF5 phosphorylation and activation. It also remains unclear how TLR3, which does not utilize MyD88, activates IRF5 to control inflammatory cytokine induction. In contrast, human IRF5 is suggested to selectively participate in TLR7-mediated type I IFN induction, rather than inflammatory cytokine induction, suggesting species-specific function of IRF5.
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IRF8 is implicated in TLR9-mediated responses. In IRF8-deficient pDCs, both type I IFN and inflammatory cytokines induced by TLR9 ligand are abolished. 74 In these cells, the NF-kB DNA-binding activity in response to TLR9 ligand was severely impaired, suggesting that IRF8 activates NF-kB in pDCs. 74 
Recognition of Viral Components by Non-TLR Sensors
TLR3, TLR7/8 and TLR9, all of which recognize viral components and have abilities to induce type I IFN, are exclusively localized to endosomal compartments, but not on cell surfaces. 7 This suggests that these TLRs recognize nucleic acids released into endosomes after virus or bacteria are internalized and lysed. However, once viruses directly enter into the cytosol and initiate replication to produce dsRNA, TLRs would no longer be able to sense viruses. It is reported that RSV infection triggers type I IFN induction in pDCs in a MyD88-independent manner. 75 This induction is entirely dependent on virus entry into cytosol and replication. Furthermore, while pDCs recognize HSV-1 genomic DNA via TLR9, there is no increase in HSV-1 replication in TLR9-deficient mice after local infection. 76 Adaptive immune responses after murine cytomegalo virus (MCMV), vesicular stomatitis virus (VSV), lymphocytic choriomeningitis virus (LCMV) and reovirus infections are not affected in the absence of TLR3. 77 Fibroblasts or conventional DCs derived from TLR3-deficient mice are capable of producing IFNb following intracellular administration of poly IC and infection with Sendai virus (SeV), Newcastle disease virus (NDV) and VSV. 60, 78, 79 Together, these observations strongly suggest that host cells express cytoplasmic sensors that can detect actively replicating viruses. In these scenarios, a cytoplasmic protein, namely retinoic acid-inducible gene I (RIG-I), was identified through a functional screening. 79 RIG-I is a DExD/H box RNA helicase containing two caspase-recruiting domain (CARD)-like domains. The helicase domain interacts with dsRNA, whereas the CARD-like domains are required for activating downstream signaling leading to IRF3, NF-kB and MAP kinases (Figure 4) . Overexpression of RIG-I confers antiviral responses, and conventional DCs and fibroblasts derived from RIG-I-deficient mice are unable to produce type I IFN and inflammatory cytokines after NDV, SeV and VSV infections. 79, 80 Melanoma differentiation-associated gene 5 (Mda5) (also known as Helicard) is structurally similar to RIG-I, which also contains two CARD-like and a single helicase domain, and is suggested to mediate antiviral responses (Figure 4) . [81] [82] [83] [84] LGP2 is also related to RIG-I and Mda5, but lacks the CARDlike domains, and is therefore suggested to function as a negative regulator for RIG-I and Mda5 (Figure 4) . 84 
RIG-I-and Mda-5-Mediated Signaling
Induction of IFNb after virus infection or intracellular administration of dsRNA is abolished in embryonic fibroblast cells prepared from TBK1 and IKKi doubly deficient mice. 60 It is therefore possible that RIG-I and Mda5 utilize an adapter molecules containing a similar CARD structure that links these helicases to TBK1 and IKKi. Recently, interferon promoter stimulator-1 (IPS-1) (also known as mitochondrial antiviral signaling protein (MAVS), virus-induced signaling adapter (VISA) or Cardif) has been identified as a potent activator of IFNb promoter that contains an N-terminal CARD domain (Figure 4) . [85] [86] [87] [88] IPS-1 interacts with RIG-I and Mda5 via the CARD domain. Overexpression of IPS-1 activated IFNa and NF-kB promoters in addition to IFNb promoter, and blocked viral replication. [85] [86] [87] [88] Conversely, knockdown of IPS-1 by siRNA reduced type I IFN induction in response to viruses and enhanced virus replication. 85, 86 Fas-associated death domain (FADD) and RIP1, which were originally identified to associate with the TNF receptor family of death receptors, are IPS-1 interacts with FADD and RIP-1 via non-CARD region to facilitate NF-kB, rather than IRF3 activation (Figure 4) . 85 Seth et al. 86 demonstrated that MAVS contains a potential transmembrane domain in the C-terminus, which is required for targeting MAVS to the mitochondria (Figure 4) . Importantly, they showed that mitochondrial retention of MAVS is essential for IRF3 and NF-kB activation, suggesting that signaling from mitochondria plays important roles in antiviral responses. Meylan et al. 88 demonstrated that NS3/4A serine protease in hepatitis C virus (HCV) targets Cardif for cleavage. A putative cleavage site is located upstream of the transmembrane domain, and they demonstrated that HCV infection results in cleavage of Cardif by using cell culture infection system. Notably, overexpression of a cleaved form of Cardif that lacks the transmembrane region had no ability to activate IFNb and NF-kB. Collectively, NS3/4A is likely to change the cellular localization of Cardif from mitochondria to cytoplasm by cleavage, thereby inhibiting type I IFN and inflammatory responses. Xu et al. 87 found that VISA contains two TRAF6-binding domains, and interacts with TRAF6 through these domains. They also demonstrated that VISA-TRAF6 interaction is required for NF-kB but not IRF3 activation. However, the requirement for TRAF6 in virus infection-mediated signaling is controversial. 85, 86 Furthermore, Xu et al. provided evidence showing that VISA interacts with Trif, while other groups have demonstrated that VISA is not involved in the Trif-dependent pathway. [85] [86] [87] To clarify these discrepancies, the generation of IPS-1/MAVS/VISA/ Cardif knockout mice will be required.
Conclusion and Future Perspectives
TLRs play essential roles in innate immune responses by recognizing various pathogen-derived components. TLRs activate the conserved MyD88-dependent pathway leading to NF-kB and AP-1, which are responsible for inflammatory 
